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A number of disease surveys was carried out on the three main cereals grown in 
N. Ireland from 1976 to 2000, namely spring and winter barley and winter wheat.
Although not all crops were surveyed in each year, the surveys provide a good 
picture of changes in disease spectra over the years. The most dramatic change in
spring barley disease has been the almost complete disappearance of Blumeria graminis
(mildew) and its replacement as the dominant disease by Rhynchosporium secalis (leaf
blotch). Leaf-spotting ascribed to physiological causes also became more common in the
latter years of the surveys. The disease spectrum of winter barley was more consistent
from year to year, with Rhynchosporium secalis as the most common pathogen. Barley
yellow dwarf virus was relatively severe in 1984, but in no other years. In winter wheat,
there was a major change with the almost complete eclipse of Phaeosphaeria nodorum
leaf blotch by Mycosphaerella graminicola (septoria tritici blotch). Gaeumannomyces
graminis (take-all) was frequently severe. Surveys of cultivar popularity generally
showed a rapid change in varieties over a relatively short time. Surveys of fungicide
usage tended to show an increase in numbers of sprays applied, in spite of the fact that
commercial pressures should have been acting towards a reduction in spraying.
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Introduction
The arable sector in agriculture in Northern
Ireland is relatively small compared with
the grass-based animal sector and has
declined over the past 20 years (Figure 1).
Oats was the traditional cereal crop up to
the middle of the twentieth century, but was
then largely replaced by barley and the area
of oats declined to the small but consistent†Corresponding author: peter.mercer@dardni.gov.uk
level seen over the last 20 years. The pres-
ent total cereal area is ca. 400 km2, of which
ca. 85% is barley, the vast majority of which
is spring-sown. Wheat (almost all winter-
sown) increased in popularity from 1981
onwards, being grown by the more dedicat-
ed cereal growers. However, the area
peaked at 76 km2 in 1992 and has remained
at around this level, apart from a drop from
1999 to 2001.  
Records of diseases of spring barley were
recorded in Annual Reports of Research
and Technical work of the Department of
Agriculture (Anonymous, 1957 to 1977)
although these were based on records of
advisory cases. A randomised disease sur-
vey of spring barley was first carried out in
1968 and then from 1976 to 1984. A compi-
lation of records and survey results from
this period was published by Mercer,
McGimpsey and Malone (1986). In 
addition, results of surveys of individual
diseases have also been published, viz.
physiologic races of barley mildew (Mercer,
1984–1998; Mercer, 1992; Mercer and
Ruddock, 1999–2002; Mercer, McGimpsey
and Malone, 1983) and barley yellow dwarf
virus on barley and wheat (Mercer, Mills
and McGimpsey, 1989). From the mid-
1980s, more emphasis was placed on dis-
eases of the increasingly popular winter
crops and surveys took place for winter
wheat from 1985 to 1988, 1993 and 2000;
and for winter barley from 1981 to 1986,
1993 and 2000. The change in emphasis
plus pressure on staff resources reduced
the regularity of surveys for spring barley to
1987 and 2000.  
Disease surveys are a means of obtain-
ing knowledge on the relative importance
and distribution of plant diseases (Moore,
1946) and they provide the background
against which rational economic deci-
sions can be made on whether or not to
carry out research on a particular crop-
pathogen combination. Disease surveys
can also help to inform the decisions that
growers must make on disease control,
e.g., there is little point in spraying fungi-
cide to control a pathogen that is never
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Figure 1: Area (km2) of cereals in Northern Ireland, 1981 to 2002 (from figures obtained
from Department of Agriculture and Rural Development Economics Division
(Anonymous, 2003a)).
shown to be either sufficiently frequent in
occurrence or of such severity that it caus-
es economic losses. Long runs of data,
such as those of the cereal disease surveys
of England and Wales (James, 1979; King,
1972, 1977; Polley and Thomas, 1991;
Polley et al., 1993b; Hardwick, Jones and
Slough, 2001) and in the Netherlands on
winter wheat (Daamen and Stol, 1992) are
ideal for assessing long-term trends in pat-
terns of disease incidence, although more
limited runs of data can still provide use-
ful comparative snapshots of disease
occurrence and incidence, e.g., in Scotland
in 1993/94 (Sutherland and Wale, 1996).
Additional survey data, such as patterns of
fungicide usage and cultivar popularity
and disease resistance or susceptibility
may help to explain some of the changes in
disease pattern.
The present paper is based on surveys
of disease in winter wheat and barley over
the period 1985 to 2000 together with the
most recent spring barley disease surveys.
Previously published results from the sur-
veys of 1976, 1981 and 1984 are included
for comparative purposes.
Materials and Methods
Farmers were selected on a random 
basis from census lists for the main cereal-
growing areas in Northern Ireland, strati-
fied according to farm size. The numbers of
fields assessed varied from year to year
depending on crop availability and staff
resources and are shown in Tables 1, 5 
and 9. Plants at 10 sites on a field transect
were assessed for symptom severity. Most
diseases/conditions were recorded on a 0 to
3 scale, where 0 = no disease, 1 = trace to
slight, 2 = moderate disease and 3 =
severe disease, either on the upper three
leaves, or in the case of Tapesia spp. (for-
merly Pseudocercosporella herpotrichoides),
Rhizoctonia cerealis and Gaeumannomyces
graminis, on the lower stems and roots,
which were examined in the field. For the
foliar diseases Blumeria graminis (formerly
Erysiphe graminis), Rhynchosporium secalis
and Mycosphaerella graminicola (anamorph
Septoria tritici), the percentage area of the
top three leaves colonised by each of the
three pathogens was estimated according to
standard area keys (Anonymous, 1976). In
recent years, there has been considerable
debate on the cause of symptoms of gen-
erally small dark brown spots on barley
leaves. Although some are known to be
caused by Ramularia collo-cygni (Harvey,
2002; Oxley et al., 2002), the causes of oth-
ers are variously described as the spot
form of Pyrenophora teres, a hypersensi-
tive reaction by barley carrying the mlo
resistance gene (Anonymous, 2003b),
oxidative stress (Oxley et al., 2002) and
mineral deficiency (Rizk, Asaad and
Saleh, 1998). There is also a genetic com-
ponent (Jorgensen, Nielsen and Sindberg,
2002). In the present work, no distinction
is made between possible causes of spot-
ting, although target spot, where spots are
roughly in a series of concentric circles,
was assessed separately for spring barley.
Details of field history, fungicide use and
variety were also recorded. Results are
expressed as percentage of fields affected
by each disease/condition as well as its
mean and maximum severity. Each survey
was conducted at ca. growth stage (GS) 75,
apart from winter cereal surveys in 1985,
when an initial survey was undertaken at
ca. GS 59.  In 1982 to 1986, the incidence
of R. secalis in surveys of winter barley was
mapped using Symap software (Harvard
University) as reported in Mercer et al.
(1986). In 1982, surveys were taken in
February, April, May and June; in 1985, in
May and July; and in 1983, 1984 and 1986,
a single survey in July.
Regression analyses were carried out 
of incidence and severity of R. secalis and 
M. graminicola on mean monthly (April to
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July) rainfall data for N. Ireland
(Anonymous, 2004) for the years of the 
survey.
Results
Spring barley
Diseases: Frequency and severity of spring
barley diseases/conditions are given in
Tables 1 and 2. The most common patho-
gen up until 2000 was B. graminis (mildew),
followed by R. secalis (leaf blotch). In 2000,
however, the situation was reversed with
both frequency and infected area due to 
R. secalis greatly exceeding those due to 
B. graminis. In 1984, with below-average
rainfall in April and May (Figure 2), the fre-
quency and infected area due to R. secalis
was negligible compared to other years.
Regression analysis of R. secalis incidence
on the mean of total rainfall in each of the
months April, May and June for the data
reported in this paper gave a correlation of
0.79 (P = 0.11). Addition of earlier data
from Mercer et al. (1986) gave r 0.58 
(P = 0.06). No significant relationship could
be found between rainfall and severity of R.
secalis. The frequency of Tapesia spp. 
(eyespot) varied considerably in frequency 
and severity among the surveys. P. teres (net
blotch) was more common and severe in
the more recent surveys, especially that of
1987. The incidence of Phaeosphaeria nodo-
rum leaf blotch (anamorph Stagonospora
nodorum, formerly Septoria nodorum) var-
ied considerably but severity was never
more than slight. Barley yellow dwarf 
virus (BYDV) also varied in incidence, but 
was most frequent and severe in the 2000 
survey. Physiological spotting, other than 
target spot, was common and occasionally
severe in 2000 but was practically absent 
in all earlier surveys. Target spot, relative-
ly common in 1981, was absent or at low 
incidence in the other surveys. Puccinia 
striiformis (yellow rust) was relatively 
common in 1976, but absent in all the 
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Table 1. Percentage of fields of spring barley affected by disease, 1976 to 2000
Pathogen Year Mean
1976 1981 1984 1987 2000
Blumeria graminis 96 68 93 77 20 71
Rhynchosporium secalis 59 55 3 59 56 46
Tapesia spp. 42 87 5 68 3 41
Pyrenophora teres 0 0 23 68 42 27
Phaeosphaeria nodorum 0 29 8 73 0 22
Barley yellow dwarf virus 0 19 3 23 45 18
Gaeumannomyces graminis 23 55 0 9 0 17
Puccinia striiformis 0 58 0 0 0 12
Physiological spots† 0 0 0 5 51 11
Target spot 1 26 0 0 9 7
Cochliobolus sativus 1 13 0 18 0 6
Puccinia hordei 0 6 0 18 0 5
Rhizoctonia cerealis 19 3 0 0 0 4
Fusarium spp. 0 0 0 27 0 5
Ustilago nuda 3 6 5 9 3 5
Pseudoseptoria donacis 4 6 0 0 0 2
No. of fields 220 31 40 22 33
†Other than target spot.
other surveys, apart from very slight 
incidence in 1982. Other diseases, such as
G. graminis were sporadic and/or at low 
levels of severity.
Variety choice: Spring barley varieties
changed frequently over the course of the
surveys (Table 3), even an interval of as 
little as 3 years giving an almost completely
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Table 2. Mean (maximum) severity† of disease observed in spring barley, 1976 to 2000
Pathogen Year Mean
1976 1981 1984 1987 2000
Blumeria graminis 12.9 1.2 13 13 (45) 1.1 (15) 8.2
Rhynchosporium secalis 3.3 1 0.1 5 (28) 6.3 (40) 3.1
Tapesia spp. 0.1 0.2 0.01 0.8 (2) 0.03 (1) 0.2
Pyrenophora teres 0 0 0.2 1 (2) 0.4 (1) 0.3
Phaeosphaeria nodorum 0 0.3 0.01 0.7 (1) 0 (0) 0.2
Barley yellow dwarf virus 0 0.2 0.01 0.2 (1) 0.5 (2) 0.2
Gaeumannomyces graminis 0.04 0.1 0 0.1 (1) 0 (0) 0.05
Puccinia striiformis 0 0.6 0 0 (0) 0 (0) 0.1
Physiological spots‡ – 0.3 0 0.05 (1) 0.7 (2) 0.2
Target spot 0 0.3 0 0 (0) 0.1 (2) 0.1
Puccinia hordei 0 0.01 0 0.2 (1) 0 (0) 0.04
Cochliobolus sativus – 0.1 0 0.2 (2) 0 (0) 0.1
Rhizoctonia cerealis 0.01 0.01 0 0 (0) 0 (0) 0.0
Fusarium spp. 0 0 0 0.3 (1) 0 (0) 0.1
Ustilago nuda – 0.1 0.01 0.1 (1) 0.03 (1) 0.05
Pseudoseptoria donacis – 0.1 0 0 (0) 0 (0) 0.02
†B. graminis and R. secalis scored as % area on top three leaves; other diseases 0 to 3 score (0 = no disease;
3 = severe). 
‡Other than target spot.
Figure 2: Average rainfall (cm) in Northern Ireland for April, May and June for years of
surveys (Anonymous, 2004). Dotted lines 1, 2 and 3 – means for June, April and May,
respectively, for all years 1976 to 2000.
different variety spectrum. Disease resist-
ance ratings generally reduced slightly as
time progressed, with the exception of
those varieties possessing the mlo gene for
B. graminis resistance (e.g. Riviera and
Dandy). There was, however, an almost
complete breakdown in the resistance (rat-
ing of 8 to 2) conferred by the Mla6 B.
graminis resistance gene found in Triumph.
Fungicide use: In the 1976 survey (Table 4)
only 4% of farmers surveyed applied a 
single spray. This percentage had increased
to over 30% by 1981 and remained at
approximately that level, although in 2000,
17% of farmers also applied a second spray.
Winter barley
Diseases: Frequency and severity of winter
barley diseases/conditions are given in
Tables 5 and 6. Throughout the surveys, 
R. secalis (leaf blotch) was consistently the
most common disease with practically all
fields infected in each season. However,
the severity varied considerably, the least
severe being in 1982 and the most severe in
1983. In 1985, two surveys were carried out
to assess disease change within a season,
but there was little change in R. secalis. 
In 1982, however, four surveys from
February to June tended to show (Figure
3) a reduction in R. secalis in the east as
time progressed and generally more severe
disease in the west than in the east. The 
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Table 3. Spring barley cultivar popularity (% of fields surveyed)
Cultivar Year Disease resistance score†
1976 1981 1984 1987 2000 R. secalis B. gaminis
Midas 60 17 0 0 0 4 5
Mazurka 13 11 0 0 0 3 5
Golden Promise 12 3 10 0 0 3 1
Julia 3 0 0 0 0 3 3
Zephyr 4 0 0 0 0 3 2
Varunda 3 6 0 0 0 4 6
Goldspear 0 9 0 0 0 7 5
Triumph 0 17 0 0 0 7 8 (2)‡
Goldmarker 0 14 35 9 0 4 7
Koru 0 9 33 0 0 8 3
Patty 0 0 8 0 0 7 7
Atem 0 0 0 9 0 6 9
Delta 0 0 0 27 0 6 7
Klaxon 0 0 0 36 0 7 8
Regatta 0 0 0 9 0 9 (6)‡ 6
Golf 0 0 0 5 0 6 2
Riviera 0 0 0 0 36 6 9
Century 0 0 0 0 15 7 9
Dandy 0 0 0 0 15 8 9
Felicie 0 0 0 0 6 7 8
Ferment 0 0 0 0 3 7 9
†1 to 9; 1 = susceptible; 9 = resistant (NIAB Variety Trials (Anonymous 1976–2000)).
‡Reduced ratings prior to removal of cultivar from list.
Table 4. Distribution (of fields) of the number of 
fungicide sprays applied to spring barley in 
N. Ireland, 1976 to 2000
Year No. of sprays
0 1 2
1976 96 4 0
1981 66 34 0
1984 60 40 0
1987 73 27 0
2000 54 25 17
surveys in 1983, 1984 and 1986 (data not
presented) also indicated a tendency to-
wards greater disease severity in the west,
although there was no obvious effect in
either of the 1985 surveys. Because of
almost 100% incidence in all years, no sig-
nificant relationship between R. secalis
incidence and rainfall was expected or
obtained. However, regression analysis of
disease severity on June rainfall was signi-
ficant (r 0.67; P = 0.05).
Tapesia spp. (eyespot) was the next most
frequent pathogen, with a slight to moder-
ate severity in 1981, but relatively slight in
other years and absent completely in 1984.
However, even in a year like 1982 with 
MERCER AND RUDDOCK: SURVEYS OF CEREAL DISEASES 91
Table 5. Percentage of fields of winter barley affected by disease, 1981 to 2000
Cultivar Year Mean
1981 1982 1983 1984 1985a 1985b 1986 1993 2000
Rhynchosporium secalis 88 100 100 100 100 100 100 100 92 98
Tapesia spp. 100 86 38 0 13 69 62 88 7 51
Physiological spots 54 20 0 21 6 6 24 81 73 32
Gaeumannomyces graminis 79 78 12 5 0 31 10 15 7 26
Ustilago nuda 54 17 69 0 0 0 62 33 0 26
Blumeria graminis 50 22 25 46 10 6 0 46 29 26
Barley yellow dwarf virus 0 2 0 58 33 31 3 6 27 18
Pyrenophora teres 0 28 0 0 3 25 59 0 33 16
Phaeosphaeria nodorum 27 6 69 0 0 0 24 0 0 14
Puccinia hordei 12 0 6 0 0 0 0 14 13 5
Selenophoma donacis 0 4 0 0 0 0 7 0 0 1
Cochliobolus sativus 0 5 0 0 0 0 0 0 0 0.6
Puccinia striiformis 0 2 0 0 0 0 0 0 0 0.2
No. of fields 26 56 16 19 31 16 29 72 15
1985a: May survey; 1985b: July survey.
Figure 3: Severity (% leaf area) of Rhynchosporium secalis on winter barley in 1982. 
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generally very low severity, occasional
plants exhibited severe infection. P. teres
(net blotch) was severe on individual plants
in some years, but was generally slight.
Tapesia spp. and P. teres were both more
frequent and severe when assessed at the
later date in 1985 than at the earlier one.
Physiological spotting varied widely in inci-
dence and severity from none in 1983 to
81% and 0.9, respectively, in 1993. G.
graminis (take-all) and Ustilago nuda
(smut) were both highly variable in inci-
dence; from a complete absence to maxima
of 79% and 69%, respectively. Although
infection was severe on individual plants,
the average level was no more than slight.
BYDV was moderately severe in 1984 and
1985, but slight in other years. B. graminis
(mildew) was never found at the frequency
which occurred on spring barley and,
although there were some instances of rel-
atively severe infestation, its severity was
generally slight. None of the other diseases
was severe enough to be of concern.
Variety choice: Unlike spring barley, there
was a relatively slow change in variety
choice (Table 7), Igri predominated in 
the earlier surveys, followed by Pastoral
and Regina. Unlike resistance to 
B. graminis, there is no major gene 
resistance to R. secalis, the principal
pathogen of winter barley. Nevertheless,
with the exception of Regina, all varieties
had a high level of resistance.
Fungicide use: There was no clear pattern
of change in fungicide usage (Table 8); the
percentage of farmers applying fungicides
in 2000 was similar to that in 1981/82.
There was, however, a tendency to spray
more frequently in recent years, with 14%
of farmers applying three sprays and 8%
more than three sprays in 2000 compared
with zero in both categories in the 1980s.
Winter wheat
Diseases: By far the most widespread and
damaging pathogen in all of the surveys
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Table 7. Cultivar popularity (% of farms surveyed)
Cultivar Year Disease resistance score1†
1981 1982 1983 1984 1985 1986 1993 2000 R. secalis B. graminis
Igri 86 84 100 100 97 83 0 0 8 6
Athene 14 5 0 0 0 14 0 0 8 7
Gerbel 0 7 0 0 0 0 0 0 5 8
Panda 0 0 0 0 3 0 0 0 6 2
Nevada 0 0 0 0 0 0 3 0 7 8
Pastoral 0 0 0 0 0 0 52 13 7 5
Kira 0 0 0 0 0 0 16 0 7 8
Fighter 0 0 0 0 0 0 15 0 6 8
Manitou 0 0 0 0 0 0 11 25 9 7
Gypsey 0 0 0 0 0 0 5 0 7 7
Regina 0 0 0 0 0 0 0 35 4 8
Jewel 0 0 0 0 0 0 0 25 9 7
†1 to 9 score; 1 = susceptible; 9 = resistant (NIAB Variety Trials (Anonymous, 1976–2000)).
Table 8. Distribution (% fields) of the number of
fungicide sprays applied to winter barley in 
N. Ireland, 1981 to 2000
Year No. of sprays
0 1 2 3 >3
1981 14 72 14 0 0
1982 20 59 20 0 0
1983 56 38 6 0 0
1984 16 74 11 0 0
1985 32 65 3 0 0
1986 31 69 0 0 0
1993 3 72 25 1 0
2000 20 34 23 14 8
(Tables 9 and 10) was M. graminicola (sep-
toria tritici blotch) replacing Phaeo-
sphaeria nodorum leaf blotch/glume
blotch (formerly Septoria nodorum) just at
the commencement of the surveys in 1984.
Like R. secalis, M. graminicola is a splash-
dispersed pathogen and would therefore
be expected to be worse in wetter years.
Regression of disease incidence on mean
April to July rainfall was significant (r
0.73; P < 0.05) and was also significant for
July rainfall alone (r 0.70; P = 0.05).
However, regressions of severity on
monthly rainfall for April to July showed
no significant association. P. nodorum con-
tinued to appear erratically after 1984,
being present in all crops at the time of
the second survey in 1985. Tapesia spp.
(eyespot) was the most frequent pathogen
after M. graminicola, and appeared to
increase somewhat over time, although a
decline was recorded in 2000. However,
even in years of highest incidence, it never
exceeded moderate severity, unlike G.
graminis (take-all), where there were
severe attacks in 1984, 1987, 1988 and
2000. Occurrence and severity of
Fusarium spp. varied widely between
years, being almost to completely absent
in 1984 to 1986 and in 1993, but relatively
frequent and moderately severe in 1987,
1988 and 2000. As in winter barley 
B. graminis (mildew) was of limited impor-
tance. Although it could be relatively fre-
quent, as in 1984, it was rarely severe and
in some years completely absent. BYDV
was observed less frequently than in win-
ter barley, but was relatively frequent in
1985 and 2000, with some severe instances
in the former year. Other diseases were of 
little importance.
Variety choice: In common with spring bar-
ley there was a rapid change in variety
over the course of only a few years (Table
11), Norman being the only exception
appearing in surveys from 1984 to 1993.
As with barley resistance to R. secalis,
there is no major gene resistance in wheat
to M. graminicola. Rather surprisingly,
however, none of the most popular vari-
eties had a resistance rating of higher than
7 and Riband was as low as 3.
Fungicide use: Apart from 1986, the
majority of farmers sprayed winter wheat
with fungicide (Table 12) and in the last
two surveys it was almost universal. There
was also a trend towards an increasing
number of sprays with time, so that by
2000, 19% of farmers were applying over
three sprays.
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Table 9. Percentage of fields of winter wheat affected by disease, 1984 to 2000
Pathogen Year Mean
1984 1985a 1985b 1986 1987 1988 1993 2000
Mycosphaerella
graminicola 78 100 100 100 100 100 100 88 96
Tapesia spp. 19 41 94 81 67 100 87 50 67
Gaumannomyces graminis 15 0 24 24 81 88 25 38 37
Fusarium spp. (ear) 0 0 0 0 76 77 1 34 24
Blumeria graminis 52 0 18 0 29 7 35 27 21
Phaeosphaeria nodorum 0 0 100† 5 67 33 0 19 18
Barley yellow dwarf virus 0 24 24 0 0 0 4 47 12
Botrytis cinerea 0 0 0 0 0 41 0 0 5
Ustilago nuda 0 0 0 0 0 4 0 0 1
No. of fields 27 17 17 21 21 27 69 32
†Glume blotch.
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Discussion
Spring barley
By far the biggest change in disease spec-
trum over the period reported in this paper
was the dramatic reduction in the 2000 sur-
vey in the incidence of B. graminis, which
was for many years the most prevalent 
and damaging pathogen of spring 
barley throughout Ireland (Mercer et al.,
1986). Similar findings from the UK
Cereal Pathogen Virulence Survey in 2001
(Mercer and Ruddock, 2002) and observa-
tions in 2002 and 2003 (P.C. Mercer,
unpublished) show that this reduction is
not a temporary phenomenon in N.
Ireland. Similarly, in England and Wales,
mildew has suffered a marked decline
from its predominance between 1967 and
1980 (King, 1972, 1977; Polley, King and
Jenkins, 1993a) to a current position of
relative insignificance (N.V. Hardwick,
personal communication). The greater
part of the reduction is almost certainly
due to the introduction of cultivars carry-
ing the resistance gene, mlo; a gene that
has conferred remarkably durable resist-
ance. An estimate in 2001 (Mercer and
Ruddock, 2002), showed that 100% of the
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Table 11. Winter wheat cultivar popularity (% of fields surveyed)
Variety Year Resistance score†
1984 1985 1986 1987 1988 1993 2000 M. graminicola
Brigand 48 18 10 0 0 0 0 4
Norman 15 41 33 29 48 5 0 4
Longbow 15 35 19 19 0 0 0 3
Avalon 15 0 0 0 0 0 0 4
Aquila 4 6 0 0 0 0 0 6
Galahad 0 0 19 24 15 0 0 6
Fenman 0 0 19 10 0 0 0 5
Mission 0 0 0 5 7 0 0 6
Brock 0 0 0 14 22 0 0 6
Slejpner 0 0 0 0 7 0 0 5
Riband 0 0 0 0 0 49 2 3
Haven 0 0 0 0 0 25 0 6
Beaver 0 0 0 0 0 14 0 6
Zodiac 0 0 0 0 0 2 0 6
Claire 0 0 0 0 0 0 22 7
Consort 0 0 0 0 0 0 22 4
Weston 0 0 0 0 0 0 13 6
Wasp 0 0 0 0 0 0 3 6
Buchan 0 0 0 0 0 0 3 5
Reaper 0 0 0 0 0 0 6 7
Brigadier 0 0 0 0 0 0 3 5
Mixture 4 0 0 0 0 0 0
†1 to 9 score; 1 = susceptible; 9 = resistant (NIAB Variety Trials (Anonymous, 1976–2000).
Table 12. Distribution (% fields) of the number of
fungicide sprays applied to winter wheat in 
N. Ireland, 1984 to 2000
Year No. of sprays
0 1 2 3 >3
1984 26 67 7 0 0
1985 29 71 0 0 0
1986 57 29 14 0 0
1987 24 43 29 5 0
1988 26 48 26 0 0
1993 7 53 39 2 0
2000 2 24 21 33 19
N. Ireland spring barley area was sown to
varieties carrying this gene. It is also pos-
sible that highly effective fungicides have
contributed to the decline (N.V. Hardwick,
personal communication).
Because of the demise of B. graminis, 
R. secalis, for most years the second most
damaging pathogen, has now become
dominant. Although its incidence in 2000
was no higher than in 1976, its severity in
that year was the highest in the reported
surveys and indeed any of the earlier sur-
veys (Mercer et al., 1986). However, fur-
ther surveys will be necessary to see if this
is a one-off increase. Sutherland and
Wale (1996) reported R. secalis as the
main disease in the west of Scotland in
1994, but second in importance to B.
graminis in the east. In England and
Wales, from 1967 to 1980, King (1972,
1977) and Polley et al. (1993a) found R.
secalis to be generally more severe in the
wetter south west region of England and
in Wales, although overall the pathogen
caused less severe damage in most years
than Puccinia hordei. In N. Ireland in the
years surveyed, P. hordei was of negligi-
ble incidence or severity. As a splash-
dispersed pathogen, R. secalis tends to be
worse in wet weather and its almost com-
plete absence in 1984 may be explained by
the unusually dry spring/early-summer
weather in that year (Figure 3). Although
a regression of April to June rainfall on
incidence of R. secalis did not prove sig-
nificant, it is possible that use of rain days
rather than rainfall would have given a
better correlation, as Polley et al. (1993a)
found a significant relationship between
the number of rain days in May and June
and the severity of R. secalis in England
and Wales.  
P. nodorum varied widely in incidence,
but severity was never more than slight,
similar to that found in surveys of England
and Wales (King, 1972, 1977; Polley et al.,
1993a). The incidence of BYDV was high-
est in 2000 and is indicative of a recent
trend (Mercer, unpublished) where many
single plants are visually affected by the
virus throughout a field, rather than in 
traditional, concentrated patches. Tapesia
spp. is normally associated more with win-
ter wheat than spring barley and was not
mentioned in the England and Wales sur-
veys. In N. Ireland, however, although
sometimes insignificant, it could be very
common and locally, moderately severe.
This was also the case for P. teres and 
G. graminis.  
There was a considerably higher inci-
dence of and more severe general physio-
logical spotting in 2000 than in previous
years, tending to provide support for the
recent interest in this phenomenon (Oxley
et al., 2002), but it is nevertheless known
(Mercer, unpublished) that, even in recent
years, there is often considerable seasonal
variation in the severity of physiological
spotting. 
P. striiformis was observed throughout
the surveys on English and Welsh crops
(King, 1972, 1977; Polley et al., 1993a), but
was generally at very low severity, apart
from 1975, the year before the only major
instance in surveys in N. Ireland.    
Although cultivars bearing complete
resistance to B. graminis are now sown
almost exclusively, fungicide usage in-
creased dramatically from practically
nothing in 1976 to 50% by 2000, with
nearly 20% of farmers applying two sprays
in that year. This tends to confirm the
view of Hardwick (2001), discussing fungi-
cide usage on winter wheat, that farmers
do not value disease resistance, but apply
fungicides indiscriminately. Mercer and
Ruddock (2002b) have shown that, in
most years in N. Ireland, with the current
low price for grain, it does not make finan-
cial sense to spray fungicides on spring
barley.
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Winter barley
Unlike with spring barley, R. secalis was
consistently the most widespread and
severe pathogen of winter barley in all the
surveys, being present in practically every
field and at times occupying almost 50%
of the leaf area. In England and Wales,
from 1981 to 1991 (apart from 2 years),
Polley et al. (1993b) found B. graminis to
be more severe than R. secalis. However,
there was considerable regional variation
and as with spring barley, the pathogen
tended to cause more damage in the 
wetter south-west region and in Wales.
Hardwick (1998, 1999, 2000, 2001, 2002)
and Hardwick et al. (2001) generally found
the situation reversed, with R. secalis now
dominant to B. graminis in winter cereal
surveys in England and Wales from 1993
to 2001. Again there was a trend towards
greater severity in the South West of
England and in Wales but sometimes also
in the North West. Similarly, in N. Ireland
there was a tendency toward more severe
R. secalis in the wetter west than in the
drier east, something which had also been
observed in earlier work in spring barley
(Mercer et al., 1986).  
No other pathogen generally affected
winter barley as severely as R. secalis.
Tapesia spp. exhibited a similar pattern to
that found in the English and Welsh sur-
veys, i.e., generally very common, but with
most instances in the slight to moderately
severe category. There could also be 
considerable variation within a season in 
N. Ireland – the disease increased marked-
ly in both incidence and severity between
May and July in 1985. G. graminis, was
also relatively common, but not generally
severe. It was not recorded in the English
and Welsh surveys. Neither was U. nuda,
although it was present on average in over
a quarter of fields in N. Ireland and was
sometimes severe. This may be due to the
relatively high level of home-saved seed in
N. Ireland, especially on small farms. 
U. nuda can build up rapidly in such situa-
tions. The incidence of P. teres fluctuated
widely between years, being present in
nearly 60% of fields in one year and com-
pletely absent in other years. In England
and Wales, its incidence also varied consid-
erably from a high point in 1981 to practi-
cally absent in 2001. The variation in P. teres
is at least partly ascribed to varietal suscep-
tibility (Polley et al., 1993b). Like Tapesia
spp., it increased markedly in incidence
and severity between May and July in 1985.  
BYDV was moderately severe in 1984
and 1985, confirmed by ELISA testing in
those years (Mercer et al., 1989), which
showed that 57% and 71%, respectively, of
fields were infected with the virus, and
some fields so severely affected that they
were ploughed in. However, in other years
the disease was of minor importance. 
P. hordei, as on spring barley, was a patho-
gen of minor importance, again unlike in
England and Wales where it often out-
ranked R. secalis (Polley et al., 1993b).  
Physiological spotting, as on spring bar-
ley, varied considerably between years,
being relatively common in the early and
late surveys, but low to absent in the mid-
dle surveys. However, it was not recorded
in the English and Welsh surveys.
Igri remained the most popular cultivar
for the first 6 years of the surveys, event-
ually being replaced by Pastoral and then
Regina. Unlike spring barley cultivars,
most winter barley cultivars did not 
carry the mlo mildew-resistance gene,
although most were relatively resistant to
the pathogen.  
Because of the pressure from R. secalis,
it is difficult to grow satisfactory winter
barley crops in N. Ireland without at least
one fungicide spray and often two. This is
shown by the fact that the percentage of
unsprayed fields was never as high as for
spring barley. However, as for spring 
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barley, there was little consistency
between fungicide usage and the severity
of disease, the lowest rate of use being in
1983, the year with the most severe R.
secalis. As with spring barley there was a
trend towards more sprays with time,
again apparently at variance with com-
mercial judgement, although it is possible
that more of the multiple sprays were at
reduced rates of application.
Winter wheat
Throughout the years of the survey, the
predominant pathogen was M. graminicola,
although just prior to the start of the 
survey, the most important pathogen had
been P. nodorum (P.C. Mercer, unpub-
lished). This was also the pattern in
England and Wales (Polley and Thomas,
1991; Hardwick et al., 2001). Polley and
Thomas (1991) suggested that this might
have been caused by the widespread occur-
rence of strains of M. graminicola resistant
to methyl benzimidazol carbamate (MBC)
fungicides. Although that may have been a
factor in N. Ireland, the usage of fungi-
cides in the mid-1980s was largely restrict-
ed to a single spray on winter wheat, a
regime that would not have been expected
to exert a strong pressure on resistance.
On the other hand, the most popular cul-
tivars of that period had a relatively low
resistance to M. graminicola and this may
have encouraged its build-up. Tapesia spp.
appeared to increase during the years of
the survey, although they fell back in 2000.
In England and Wales, Hardwick et al.
(2001) showed a marked rise in the patho-
gen from 1985 onwards compared with
the previous 15 years, followed by relative
stability at the higher level. Again, this rise
has been partially explained by Polley and
Thomas (1991) as the build up of strains
resistant to MBC fungicides, although cul-
tivar susceptibility almost certainly also
played a part.
G. graminis generally increases in sever-
ity over the first 4 to 5 years of a new 
rotation (Polley and Thomas, 1991) and
farmers in N. Ireland often give this as the
reason for not growing more than two
consecutive wheat crops. Although this
aspect was not explored in the present sur-
veys, they do clearly show that, although
there was some variation among years, in
most years there were either moderate or
severe instances of take-all. In England
and Wales from 1989 to 1998, Hardwick 
et al. (2001) noted an average incidence of
27% with a range from 13% to 42%.   
As in England and Wales, B. graminis,
although sometimes quite common, rarely
had the severity that it had on spring bar-
ley, at least in the earlier surveys. BYDV
was severe only in 1985, one of the years in
which it was also severe on winter barley.
It was not mentioned in the English and
Welsh surveys.
There is at present no major gene for
resistance to M. graminicola, but there was
a trend towards varieties with increased
resistance to the pathogen during the
course of the surveys. There was also an
increase in the number of sprays applied to
the crop, although Mercer (unpublished)
has found little commercial benefit in
applying more than two sprays. However, it
is possible that some of these multiple
sprays were at reduced rates of application.
A greater frequency of surveys would
undoubtedly have led to the recording of
pathogens, such as yellow rust (P. striformis)
that appeared briefly, but quite severely on
winter wheat in the mid-1980s and was
related to varietal susceptibility. However,
the surveys have illustrated some of the
major changes in disease spectrum, such as
the almost complete disappearance of 
B. graminis on spring barley and the almost
complete dominance of foliar diseases of
wheat by M. graminicola. The surveys also
provide a background against which 
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practical advice can be given to growers,
indicating, for example, that there is little
point at present in spraying spring barley
for mildew, a non-existent disease.  
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